Parkinson syndrome (PS) is a common disorder in the North American population. The annual incidence rate is 20.5/100,000 population and the mean survival after onset is approximately 12.3 years. The estimated prevalence rate is about 300/100,000 population. The incidence and prevalence rates rise with advancing age. Both the widespread use of levodopa and the improved health care in general have increased the longevity in PS. The survival in PS from the time of the first clinic visit is still significantly shorter when compared with the regional age and sex matched population. The cause of IPD may be related to some environmental factor(s) -most likely a toxin. Genetic factors are not the cause but in some families, may predispose to IPD. RESUME: Frequence et cause de la maladie de Parkinson. Le syndrome de Parkinson (SP) est une affection frdquente dans la population nord-americaine. L'incidence annuelle est de 20.5/100,000 de population et la survie moyenne est d'environ 12.3 ans apres le debut de la maladie. La prevalence est estimee a environ 300/100,000 de population. L'incidence et la prevalence augmentent avec l'age. L'utilisation courante de la levodopa et l'amelioration des soins de sante en general ont augmente la longevite dans le SP. La survie dans le SP, a partir du moment de la premiere visite medicaie, est encore significativement plus courte comparee a celle de la population regionale, appariee pour l'age et le sexe. La cause de la maladie de Parkinson idiopathique (MPI) pourrait etre reliee a un ou des facteurs environnementaux -tres probablement une toxine. Des facteurs genetiques n'en sont pas la cause mais, dans certaines families pourraient predisposer a la MPI.
Parkinson Syndrome (PS) is not one, but a collection of disorders which share common clinical features -tremor, bradykinesia and rigidity. The most common variation is the Lewy body (LB) disease 1 -2 but the pathological basis cannot be ascertained in all cases during life 3 on the basis of clinical evaluation and the majority of PS respond to levodopa. 4 Consideration of the incidence and prevalence rates should therefore include all varieties of PS.
The PS is a ubiquitous disorder reported in every race and every region of the world. In a recent survey, 5 PS ranked tenth among the disorders requiring neurological services in Saskatchewan. In several carefully conducted, communitybased studies there is no reported difference in the incidence rates between males and females. 
Onset Age
The motor onset of PS in most patients is after age 40 years. Possible change in the age at onset due to natural events has been debated for several decades. 810 " In a clinic-based study, 10% of the "primary" parkinsonism cases seen between 1949 and 1964, the onset was prior to age 40 years. 12 More recently, Teravanian et al." reported the onset under age 40 years in 8% of patients. In most other studies between 4% and 7% of the cases had onset before the age of 40 years. The age-specific incidence rises with advancing age.'-7 - 13 The largest proportion of the reported cases, however, have motor onset during the late 6th or 7th decade of life. 12 ' 415 In our series of 934 PS patients seen during 22 years (1968-1990) , the mean age at onset was 51.5 years." The diagnosis of PS in elderly subjects is sometimes difficult as it may be mistaken as another illness or other illnesses may mask the PS features. We noted that 40% of the PS cases in 65 years and older hospitalized patients were not diagnosed by the family physician. 16 Schoenberg et al. 6 in a community survey noted a similar percentage of underdiagnosis of PS.
Incidence
The reported annual incidence rates vary from 5 to 24/100,000.
14 There are several reasons for such wide variations. The difference in the life expectancy of the regional population, the type of PS included and the completeness of case finding are the main considerations. Rochester, Minnesota is the only source of several sequential incidence studies of PS since the 1930's.'-' 013 ' 7 The most recent reported annual incidence of PS in the Rochester population is 20.5/100,000.' That is not significantly different from the previous reported incidence rate. 13 Postencephalitis parkinsonism (PEP) which was once a common PS variant 12131718 came to a natural conclusion beginning around I960.
1 ' 8 1 9 However there has been no decline in the incidence of PS to coincide with that which indicates that either the other variants of PS are now emerging more frequently or are being diagnosed more often.
1 ' 3 ' 7 Completeness of case ascertainment is essential for the incidence studies of PS. The easier neurologist access and increased diagnostic accuracy in From the University of Saskatchewan, Saskatoon Reprint requests to: Dr. A.H. Rajput, Professor of Neurology, Royal University Hospital, Saskatoon, Saskatchewan, Canada S7N 0X0 THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES recent years undoubtedly accounts for some increase in case findings. The other reason is that the population at risk of PS has been steadily increasing over the past several decades. The incidence figures from Rochester, Minnesota, though among the best available, are regarded by Kurland 17 as "minimal" because it is not possible to identify all PS patients.
Race and Parkinsonism
Although some reports indicate that blacks have a lower incidence of PS than whites, 2022 in a carefully conducted study of a bi-racial Mississippi community which had an equal number of black and white residents, Schoenberg et al. 6 found no racial difference. In a separate study, Schoenberg et al., 23 noted that the blacks in the U.S. had nearly 5 times the prevalence rate of Parkinson's disease compared to the blacks in Nigeria. Taken together these studies indicate that blacks do not have a natural immunity to developing PS.
Mortality
Mortality in PS has been a topic of special interest since the 1960's. It was anticipated that on levodopa therapy the survival would increase. That hypothesis has, however, been difficult to verify. The two major problems have been: the diversity of inclusion criteria and the differences in the analysis and reporting of the mortality rates utilized by different workers.
The most commonly cited mortality rate during the prelevodopa era is that reported by Hoehn and Yahr in 1967. 12 They noted that the observed to expected mortality ratio in primary parkinsonism was 2.9:1. They included the PS cases seen at a large neurological institution between 1949 and 1964 but did not analyze the impact of treatment on the survival. Nobrega et al.'-1 who studied PS patients in Rochester, Minnesota between 1935-1966 prior to levodopa usage, noted that the mortality ratio was 1.6 times higher than expected in the general population. The marked difference in these two reports indicates that a comparison of the mortality rates in the contemporary PS cases with any of the studies conducted prior to widespread use of L-Dopa is problematic.
Identifying PS cases that may be comparable to those classified as "primary" parkinsonism by Hoehn and Yahr 12 is not possible. 1 Similarly we cannot recognize or critically evaluate those prelevodopa era cases that would be comparable to the 50%' to 72% 6 cases that may now be treated with L-Dopa. Limiting the survival considerations to only the L-Dopa treated cases therefore will not provide accurate information on survival in the PS cases today. The observed to expected mortality ratio in the LDopa treated cases ranges from 0.97 24 to 1.85 25 in different studies.
Another source of error has been the index date when the PS cases are assigned for comparison with the general population. Almost no patient is seen and diagnosed on the day the parkinsonian features emerge. There is a variable lag -often yearsbetween the onset and diagnosis. During that interval, some PS cases would have died. Retrospectively, assigning the comparison of those surviving patients in whom the diagnosis was made with the general population from the date of onset of PS assumes no deaths in PS cases and thus introduces a bias favouring the patients.
Given the unsurmountable difficulties in conducting an ideal study to answer the question of survival changes due to widespread use of L-Dopa, the best information may be obtained from a study of all PS patients compared with the regional population cohort.
Hoehn and Yahr in 1967 12 reported 10.8 years mean life expectancy in all PS and 9.4 years in the "primary" parkinsonism. A similar figure (10 year survival) was noted by Kurland in 1958 . 17 Most workers have used an average 10 year survival as the benchmark figure 17 for the period before the widespread use of L-Dopa.
The mean survival in all PS cases regardless of the treatment -in our cases over the 22 years -was 12.3 years. These included many severely advanced patients at the time of initial evaluation during the late 60's and early 70's. Analysis of more recent cases may produce different results. When compared with 10.8 years survival reported by Hoehn and Yahr in 1967 12 at a large neurological hospital, the life expectancy in PS has increased in the last two decades. Hoehn and Yahr 12 series included a larger proportion of PEP cases than in our study. The PEP patients have an early age at onset and longer survival 12 compared to the other PS variants. When we take that into consideration, the evidence for an increased survival in the PS population is even more convincing. The reasons for the improved survival and in particular, the role of LD therapy, remain to be clarified. Lilienfeld et al. 26 - 27 noted that a decline in PS death rate among those under age 70 years began in the mid 1960's -prior to the widespread use of L-Dopa. The increased survival in PS may therefore be due to combination of better management of other illnesses as well as the widespread use of L-Dopa.
Our clinic-based population resembles the age at onset and severity profiles in a large population survey of PS. 9 The survival in all our PS cases, when measured from the first assessment at the Movement Disorder Clinic, was significantly reduced compared to the regional population. 15 Thus the survival in PS is now longer than in the past but it remains shorter than expected.
PREVALENCE OF PARKINSONISM
A number of methods have been used to determine the prevalence rate of PS, the most convenient being the identification of the diagnosis on death certificates. That is, however, the least accurate method. 7 Kurland 17 noted that in only 46% of the known cases, the PS diagnosis was listed as the primary cause of death and Chandra et al. 28 found only 25% of PS cases were identified on the death certificates.
Assessment of LD consumption in a community has been used to extrapolate the number of PS patients in the population. 29 That is an indirect and an inaccurate method if we consider that between 28% and 50% of the PS patients in a community may not be treated with levodopa. 1 -6 The two most reliable methods are the survey of all cases in a community and an estimation of prevalence rate based on incidence and survival rates.
The ideal method for determining prevalence rate of PS is to identify all the patients in a large and representative sample of general population. This approach is time and labour intensive and in practice has its own limitations. Schoenberg et al. 6 in a door-to-door survey of Copiah County, Mississippi could not evaluate 3% of the population and 15% of the suspected cases did not permit final confirmation of the diagnosis. This survey was limited to 40 years and older individuals, thus excluding identification of approximately 5% of the PS cases. Bharucha et al. 30 also failed to interview 5.4% of the households and 17% of suspected cases refused final evaluation.
Another reliable method to determine the prevalence rate is to multiply the best available incidence rates with the best available information on mean life expectancy after onset of PS.
The latest incidence of PS reported in the Rochester, Minnesota population is 20.5/100,000.' Assuming that there is an underdiagnosis in the elderly, the actual incidence rate may well be close to 27/100,000. In our large study of all inclusive PS cases in Saskatoon, the mean survival was 12.3 years. If we do not make allowance for the underdiagnosis, the prevalence rate would be 252/100,000. On the other hand, if we take the underdiagnosis into consideration, the prevalence rate would be 333/100,000 -a rate surprisingly close to 328/100,000 reported by Bharucha et al. 30 in a Parsi community in India. The available data do not permit more precise estimation. The reported prevalence rates in the past have varied considerably. 1 4 Kurland 17 considered the reported rates underestimates, as all patients may not be recognized and included for a variety of reasons. In my opinion, the PS prevalence rate today in Canada is close to 300/100,000.
The prevalence rate of PS increases with age. Schoenberg et al. 6 noted a prevalence ratio of 128/100,000 in population between age 40-64 years and a seven-fold higher (958/100,000) ratio in those over age 75 years. A similar pattern has been reported in several other studies from different parts of the world.
3 " 02 It is reasonable to predict that in the absence of major change in the incidence rate, the prevalence rate of PS will rise in the future as the proportion of the elderly is rising. In 1958 the lifetime risk for parkinsonism was estimated at 2.5% by Kurland. 17 Because of the increasing life expectancy, the risk may need reassessment.
CAUSE OP PARKINSON'S DISEASE
The cause of Parkinson syndrome is difficult to address as it is not one, but a collection of disorders. In several variants of PS such as PEP, MPTP-induced parkinsonism, PS due to carbon monoxide poisoning and drug-induced parkinsonism, etc., the cause is well known and the same anatomical site may be damaged by different insults producing similar clinical picture. At this stage in our understanding of PS, it is therefore prudent to restrict the etiological consideration to a reasonably homogeneous entity.
The most common histological abnormality in PS is that characterized by loss of substantial nigra (SN) neurons and Lewy body (LB) inclusions. 3334 This subgroup accounts for approximately 80% of the cases in most large series and is usually known as idiopathic Parkinson's disease (IPD) or Parkinson's disease. 34 Since IPD is a disorder of later age, the significance of normal or accelerated aging process in the etiology needs serious consideration. Alternatively, the age related SN cell loss may predispose or add to the effects of another insult. 35 According to two reports, 36 -37 the normal age-related SN neuronal loss alone is not sufficient to produce parkinsonian features even if an individual were to survive more than 100 years. We have recently noted that the pattern of striatal dopamine loss in old age is significantly different from that in IPD.
3S Idiopathic Parkinson's disease is therefore a pathological entity.
There are two main schools of thought on the cause of the pathological SN neuronal loss which leads to parkinsonian manifestations. The first possibility is that it is a genetically linked disorder. Alternatively IPD is an acquired disorder consequent to environmental factor(s).
The genetic basis of parkinsonism has been recently discussed in detail by Golbe. 39 While there is some anecdototal information on the genetic predisposition to IPD, only two studies of familial cases deserve serious consideration. Muenter et al. 40 reported one family with akinetic rigid parkinsonism and severe dementia. The symptoms in these patients started at an early age resulting in death after 4-17 years. These patients had pathological features of IPD as well as limbic system pathology -which is not a characteristic of IPD. Golbe et al. 41 reported 41 patients, including one autopsy case, with Lewy body pathology in a large kindred. The genetic pattern was consistent with dominant mode of transmission. These patients had an unusually early onset age (mean 46 years) and rapid progression resulting in death on the average in 9.7 years. These two kindred, therefore, represent highly malignant forms of the disease compared to the commonly seen IPD cases. My interpretation of these two kindred is that they are examples of an increased vulnerability to the environmental factor(s) which cause IPD.
There are 3 major studies of twins. 42 " 44 Neither detected the concordance rate of IPD significantly higher than expected in the general population. Some of these studies are being re-evaluated now. In view of the well-conducted previous studies, when further details of the new efforts become available, they should be carefully scrutinized. 45 The observations by Schoenberg et al., 6 that blacks in the U.S. have the same prevalence rate as whites, but U.S. blacks have significantly higher prevalence rate than African blacks, 23 further indicate against the genetic hypothesis. These and several other studies dealing with mortality and racial patterns indicate that some environmental factor(s) is the cause of IPD. There are several known causes of PS but none has been clearly linked with the Lewy body disease (IPD). Methyl phenyl tetrahydropyridine (MPTP) is well known to produce Parkinson syndrome in man and in animals. 53 The major anatomical site of lesion is the SN. Studies of old monkeys treated with MPTP show loss of the SN and the locus ceruleus neurons and inclusion resembling Lewy body. 54 Whether a naturally-occurring MPTP-like substance or some other toxin which is widely disseminated in the world produces Parkinson's disease remains to be established. 8 Our search for MPTP in the drinking water consumed by patients has been unrewarding.
Several environmental agents including virus infections, metal toxicity, herbicides and pesticides have been considered but not clearly linked with IPD. 55 Hertzman et al. 46 have recently reported that working in orchards increased the risk of IPD but this needs confirmation by others.
The natural history of IPD indicates that whatever the cause, if the disease process is once triggered, it would perpetuate. Calne and Lees 56 noted late progression even in the PEP cases. It is possible that a toxin is incorporated within the SN neuron producing borderline metabolic compromise and slow death. Alternatively, once the pathology is triggered in some cells, it
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becomes a self-perpetuating process involving other cells consequent to metabolic by-products of dopamine breakdown. 57 -58 Because the disease manifests around age 60 years and there is an unknown but long preclinical interval, identification of the environmental etiology is very difficult. We investigated IPD in under 40 year age onset cases and noted a strong rural predisposition. 49 Others in North America 40 -50 -51 and in Europe 48 have made similar observations. An alternative explanation is that the urban residents are immune to the environmental factor(s) that produce IPD.
Eldridge et al. 59 suggested that those predisposed to IPD are born with fewer SN cells. That is a difficult hypothesis to verify. Mattock et al. 60 postulated that an in-utero influenza virus exposure may result in IPD at a later age but this could not be substantiated by Ebermier et al. 61 The protective effect of smoking against IPD has been a source of an unnecessarily prolonged debate when we consider that this has not been confirmed by several meticulously conducted studies. 8 In order to attain an insight into the cause of IPD, attempts have been made to identify other disorders that precede or coexist in IPD cases. In one study of IPD patients whose health records for the 40 years preceding the motor onset of PS were available, 89 different disorders and smoking habits were compared with the control population from the same community. 62 Only the prior diagnoses of psychoneurosis and psychosomatic illnesses were significantly more common among the patients than in the controls. 62 Since the cause of psychoneurosis and psychosomatic illnesses each is unknown, these observations are not helpful in identifying the cause of IPD. Dementia evolves more often after the onset of the IPD in the cases than in the controls. [62] [63] [64] The significance of that to the etiology of IPD remains to be determined.
